Abstract. Fishers (Martes pennanti) and American martens (M. americana) have been protected from trapping in California since the mid-19OOs, yet in portions of each of their historic ranges their numbers are extremely low, perhaps due to the effects of timber harvest. We propose a method capable of detecting declines in the occurrence and distribution of fishers or martens using baited track-plate stations. The proposed sampling unit is a small grid of stations that has a high probability of detecting animals when they are present. These multistation units are sufficiently spaced to meet the assumption of independence for a binomial model. We propose a stratified random sampling design with strata sampled for proportions of occurrence at discrete points in time. Stratification is based on variation in occurrence by region and is estimated from preliminary survey data. A previously published bias adjustment is applied to the proportion of units with detections to adjust for possible failure to detect resident individuals at a sampling unit. A Monte Carlo simulation model was developed to determine the sample size necessary to detect 20 and 50% declines, with 80% power, in the proportion of sampling units with occurrence. We assume a 10-yr sampling interval. Sensitivity analysis, using a range of values for means and standard deviations of strata proportions, determined that power was much more sensitive to changes in mean than the standard deviation. When the best current estimates of the fisher strata proportions were input for 10 strata (five regional and two habitat) in California, 115 and 17 sampling units per stratum were necessary to detect 20 and 50% declines, respectively. For some circumstances this sampling effort was also sufficient to achieve strata estimates with 5% error and to detect statistical differences between individual stratum proportions. The steps in the process of implementing a monitoring program for Pacific fishers in California are outlined as an example of the planning and preparation necessary to monitor changes in the distribution of a rare forest carnivore.
Background
The fisher (Martes pennanti) and American marten (M. americana) are protected carnivores in California. Their distributions and abundances have been poorly understood since legal trapping closed in 1945 and 1954, respectively. There has been no concerted effort to determine the status of these species, and the best available information has come from incidental sightings (Schempf and White 1977) and limited use of standardized surveys associated with timber harvest activities W. J. Zielinski, unpublished manuscript) or conducted for research purposes (Rosenberg and Raphael 1986, Raphael 1988) .
In California, fishers occur most frequently in the mixed-conifer, Douglas-fir (Pseudotsuga menziesii), and ponderosa pine (Pinus ponderosa) forest types at low-to-mid elevations, whereas martens occur primarily in the true fir (Abies spp.) forests that occur at higher elevations, though exceptions occur in the north coast region (Grinnell et al. 1937, Schempf and White 1977) . Under the National Forest Management Act of 1976 fishers are entitled to "special management emphasis to ensure their viability and to preclude trends toward endangerment that would result in the need for Federal listing [under the Endangered Species Act]." It is difficult to fulfill this federal mandate, and to understand the effects of land-use changes such as timber harvest on forest carnivores, using a database composed of anecdotal information and haphazard surveys. A specific program is required to detect, inventory, and index the status of each species. We propose a monitoring program that will describe the relative statewide distribution of each species and detect declines in the occurrence of each species throughout its range in California. This is the first proposal for a statewide monitoring scheme for fishers or martens using nonlethal methods and is an example of the type of wildlife population monitoring approach that will become increasingly necessary for mammalian carnivores that are no longer commercially harvested or hunted.
Statistical considerations
Population monitoring requires considerable planning and statistical evaluation before implementation (de la Mare 1984 , Peterman and Bradford 1987 , Gerrodette 1987 , Verner and Kie 1988 , Kendall et al. 1992 , Taylor and Gerrodette 1993 . The null hypothesis that there has been no change in a population index between two time points must be tested against the alternative that the population has simply changed (either increased or decreased: two-tailed test), or has declined (one-tailed test). Sample size, sample variability, and the magnitude of the real difference (effect size) all affect the ability to detect change (Cohen 1988:4) . We must therefore ask the important question: if a significant population decline has occurred, what is the probability that we will detect it with our survey? The answer is critical to a monitoring program, yet the probability of detecting a change if it has occurred (i.e., correctly rejecting the null hypothesis when the alternative hypothesis is true), called statistical power (1 -p), is rarely considered. In developing a sampling design to index population change it is essential to determine, a priori, the probability of detecting significant declines and to choose an adequate sample size to detect change with an acceptably high probability. An awareness of the concept of statistical power in the field of ecology has been heightened in recent years (Quinn and Dunham 1983 , Toft and Shea 1983 , Peterman 1990 ), but it is critical in the field of conservation biology because failure to detect a significant decline may result in local extirpation or even extinction before rescue efforts can be undertaken (Taylor and Gerrodette 1993) . Moreover, the costs of conducting vertebrate monitoring programs can be very high and they should not be undertaken without adequate knowledge of the probability that real changes can be detected (Verner and Kie 1988) .
Objectives
Our primary objective is to develop a statistically sound and efficient sampling design for detecting change in an index of the occurrence and distribution of fishers or American martens in California. We also wish to contrast estimates across regional and habitat strata. Surveys using detection devices have been conducted in California for some time , but their locations have usually been dictated by the needs of local land managers for information about the presence of a species in areas proposed for timber harvest or recreational development (W. J. Zielinski, unpublished manuscript) . Consequently, the distribution of surveys throughout the range of each species has been haphazard. We propose a systematic scheme for sampling the distribution of fishers or martens in California and for predicting the sampling effort sufficient to be confident of detecting changes in distribution over time.
Using a Monte Carlo simulation model we mimic the sampling necessary to monitor changes in occurrence and estimate the statistical power of tests for specified declines. To compensate for the possibility that our sign detection stations may not always detect a resident animal at sample sites we also adjust our estimates for bias. Because many of the parameters that influence occurrence and detection are currently unknown for fishers or martens, our initial goal was to simulate a variety of conditions (a sensitivity analysis) to explore the range of sampling effort and power to detect changes in the index. We conclude by using best estimates of the probabilities of occurrence to propose a monitoring scheme for fishers throughout their range in California.
METHODS

The detection method: baited track plates
The sooted track plate has received widespread use in surveys for fisher and marten in the Pacific States (Barrett 1983 , Raphael and Marcot 1986 , Fowler and Golightly 1994 , Raphael 1994 W. J. Zielinski, unpublished manuscript) . Each detection station is composed of a sooted aluminum sheet that, in its most recent rendition, is partially covered with a white imprint surface and enclosed in a plywood box (Fowler and Golightly 1994) . Bait is placed at the rear of the box to attract animals across the plate where they leave positive impressions of their tracks on the white surface. Both species are readily attracted to and detected at baited track plates, and their tracks can be easily distinguished (Zielinski and Truex 1995) . Ease of use, low cost, reliability of results, and ability to distinguish species easily make the sooted track plate the most efficient and affordable method available. Although the method of detection is not crucial to our analysis, different methods could result in different detection probabilities.
The sampling unit
Most surveys that have been conducted in California have inundated a particular area with track-plate stations (at =l.O-km intervals along roads) and checked them every 2 d for 2-3 wk (Zielinski et al. , in press ). This type of survey is conducted to determine presence only. However, similar surveys have been suggested as a means of indexing the abundance of a small, local population. The "detection ratio" (the number of stations visited by a species divided by the total number of stations) has been suggested as a response variable useful for monitoring trends in local populations (Fowler and Golightly 1994) . However, the likelihood that individual stations are not independent sampling units (e.g., Roughton and Sweeney 1982, Diefenbach et al. 1994), and the small number of individuals that usually occupy any such sampling area (especially for fishers) render the relationship between population size and detection ratio suspect.
Our approach proposes sampling units that are sufficiently distant from one another that we can treat them as independent (Fig. 1) . Intersampling unit distances of at least 10 km for fisher and 5 km for marten are probably sufficient as these distances are almost twice the size of the diameter of the mean male home range sizes of each species in the western U.S. (Buck et al. 1983 , Buskirk and McDonald 1989 , Jones 1991 , Buskirk and Ruggiero 1994 , Powell and Zielinski 1994 when the ranges are drawn as circles.
Each proposed sampling unit is composed of eight track-plate stations, 0.6 km apart, in an approximate 4 X 2 grid pattern (Fig. 1) . The survey objective is to determine whether the area in or nearby each unit is "occupied" or "not occupied," thus a detection need occur at only one of the track-plate stations to register the unit as occupied. When this occurs the effort on that sampling unit is complete because the outcome has been determined. Stations are to be checked every 2 d, and the survey effort at a particular sampling unit will terminate when either the target species is detected at any one of the stations or after eight visits (i.e., 16 d after set up). Multiple stations per sampling unit assure a greater chance of detecting a resident animal in a reasonable period than a single station (Roughton and Sweeney 1982, Diefenbach et al. 1994) . Stations within a sampling unit are not considered independent, but this has no effect on the interpretations as only the first detection at any station is recorded. Thus, the multistation sample unit described here is analogous to the "station" described in Raphael (1994) . The 0.6 km (0.5 mi) spacing between stations within a sample unit is a default chosen because of its consistency with previous detection protocols (Fowler and Golighty 1994; W. J. Zielinski, unpublished manuscript) .
The rationale for eight stations and eight visits comes largely from a review of 207 track-plate or line-triggered camera surveys in California (Zielinski et al., in press) , most conducted in areas proposed for timber harvest. Surveys that had between 6 and 12 stations (n = 50) received the first fisher detection after a mean t 1 SD of 4.2 t 2.4 d and the first marten detection after 3.7 t 2.6 d. Furthermore, 89.7% of the surveys that detected either a fisher or a marten did so in < 16 d, the maximum duration proposed here. Although this information indicates that eight stations visited eight times each should be sufficient effort to detect a resident animal, we also include a bias adjustment to compensate for the proportion of sample units that failed to detect a resident.
Many mustelids (including fishers, martens, and weasels [Mustela spp.] ) are particularly suited for this monitoring approach because they demonstrate intrasexual territoriality (Powell 1994) and have relatively stable home ranges from year to year (Hawley and Newby 1957 , Lockie 1966 , Arthur et al. 1989 D. Harrison, unpublished data) . Although the monitoring system we propose will work equally well for fishers and martens, both species cannot be monitored simultaneously because of their largely allopatric distributions in California (Grinnell et al. 1937, Schempf and White 1977) . Separate sets of sampling units will be necessary for fishers and martens if information is required on both species.
Correction for failing to detect: a bias adjustment
Because the response at a sampling unit is represented as binary, and multiple visits by one or more individuals are unimportant, variation in individual behavior that affects detection will have less effect on our estimates than on abundance or survival estimates from mark-recapture studies (Pollock et al. 1990 ). However, the failure to detect at least one resident animal during the survey period introduces bias in the sampling. Despite our current belief in the efficacy of the detection method, too little is known about forest carnivores to assume probabilities of detection are near 100%. When martens or fishers are marked with color ear tags and later resighted at cameras, most individuals are detected at at least one camera station that falls within their home range (Fowler and Golightly 1994; L. Jones and M. Raphael, unpublished manuscript; A. Seglund and R. Golightly, unpublished manuscript) . However, a few individuals are never detected at camera stations within their home range, and detectability could be different at track plate stations than at camera stations (methods for identifying specific individuals of a species from tracks have not been developed). Given these uncertainties we include a bias adjustment in our monitoring protocol until probabilities of detection are more completely understood.
We use a method developed by Azuma et al. (1990) for Northern Spotted Owl (Strix occidentalis caurina) populations to estimate the probability of failing to detect an animal on a sampling unit. These authors demonstrate that the average number of visits until first detection, which we redefine as "latency to first detection" (LFD), can be used to develop a function that can correct for bias in estimates of the proportion of occupied sampling units. They used a binomial model with the following assumptions: (1) there is a constant conditional probability of determining occupancy for each visit to an occupied unit and, (2) each visit to a unit is an independent and identically distributed Bernoulli trial that can result in one of two possible outcomes, occupancy or not, each with a fixed probability. Thus, if it is determined that visits have varying probabilities of the two outcomes, or that stations within a sampling unit differ in these probabilities, the bias adjustment will be less helpful.
To correct for bias the estimated proportion of occupied units, fii, is multiplied by a factor that reflects the magnitude of difference between the maximum number of visits permitted without success and the mean LFD from those sampling units with a detection. LFD is derived from the data after the sampling is complete or from a pilot data set. If first detections tend to occur early relative to the maximum number of visits, the probability of overlooking a resident on any sampling unit is considered to be low and the correction factor is close to 1. However, if the mean LFD is near the maximum number of visits it is likely that new first detections would occur after this time and the correction factor will be substantially greater than 1. These estimates will not only be useful to correct the proportion estimates for surveys conducted according to our recommendations but can also be used to adjust for undetected residents if survey duration varies from our suggestions.
The sampling design
The pattern of occurrence of a species across its historic range is a "frequency index" (Seber 1982 , Lancia et al. 1994 ) of its distribution. Because these indices are sensitive to spatial contagion (Seber 1982) some form of stratification is necessary. To do so we propose regional stratification that is based on the results of previous surveys in California . We assume that the probability of presence of the target species at any sampling unit within a stratum is constant. We then simulate stratified random sampling of presence/absence data within strata, using a binomial model.
The design assumes that there are nj sampled units in each of k strata (1 5 i 5 k) with measurements xij (1 SjS ni) equal to 0 or 1 depending on the absence or presence of the species in the jth sampling unit of the ith stratum. For each survey the proportion estimate pi = Zy;I xijn-' can be calculated to estimate the proportion of occupied sampling units in a stratum. A weighted proportion estimate @ = ~~=,~i*~i and confidence interval can also be calculated for the entire population proportion p in all the strata, using the standard formulas for stratified random sampling with weights wj proportional to the area of the stratum (Cochran 1977 , Scheaffer et al. 1990 . A number of alternative sampling allocation schemes could be considered (Scheaffer et al. 1990 ), but we recommend an equal allocation scheme because our proportion estimates are sufficiently tentative that it is best to keep the design simple and flexible. Optimal allocation, with sample sizes proportional to area and variation, and inversely proportional to cost, may ultimately improve the efficiency of sampling, but we presently lack the information to propose such a design.
We explore the detection of declines over two time points. However sampling will presumably continue at specified intervals over time to assess trend in the index of occurrence. Repeated-measures analysis in ANOVA (Kuehl 1994:499-521) can be used to test for significant change over repeated time periods or successive estimates can be compared with one or more previous estimates, adjusting CY accordingly. Multiple comparison tests (e.g., Tukey's test, Fisher's test, Duncan's test) can be used to establish groupings over time. Regression analysis can also be applied to a series of proportion estimates over time to estimate trend (Gerrodette 1987).
Statistical power simulations
Power tables have been developed for a variety of sampling designs (Cohen 1988) but not, to our knowledge, for tests we propose here that compare proportions using stratified designs. Sample size can be determined for estimates of proportion for one population using standard error (Cochran 1977 , Scheaffer et al. 1990 ) and for differences between two proportions by using effect size (Cohen 1988: 186-197) . However, efficient formulas based on standard error or effect size have not been derived for stratified sampling of pairs of proportions. Kendall et al. (1992) developed a power table for a specialized stratified design examining bear sign (scat and tracks) on trail segments, using simulation. We extend their findings more generally, by con-ducting "prior power analysis" (Fair-weather 19 1) over a broad range of parameter values, using computer simulation.
The estimates of proportions of occupied sampling units can be based upon either the binomial or hypergeometric model. We adopt the simpler binomial, noting that the two models are essentially equivalent when sampling is with replacement or when sampling units are moderately large in number ). The binomial model assumes that the sampling units are independent (i.e., the same animals are not detected on multiple sampling units) and that the probability of detecting at least one resident animal on a sampling unit is fixed within a stratum. Each sampling unit is, hence, assumed to be an independent Bernoulli trial with one of two possible outcomes, presence or absence, each with a fixed probability of occurrence. It is for this reason that the sampling units have been designed to be more than one home range diameter of the target species apart.
Although we assume that the probability of occupancy at sampling units within each stratum does not vary, T. Matsumoto and H. Stauffer (unpublished data) have determined that the binomial power estimates change very little when probabilities of occupancy and detection at sampling units within a stratum vary around a fixed mean. That is, the distribution of the random variable x (the number of occupied sampling units in a survey of sample size 1-1), and hence the distribution of the proportion estimator p = x/n, are equivalent if probabilities of occurrence at the sampling units within a stratum are allowed to vary. In these simulations, a wide range of beta distributions have been used to generate varying probabilities around fixed means yet the binomial probabilities have proven to be quite robust. Hence, our results should remain valid for uniform, random, and clumped dispersions, as long as the mean averages of the probabilities are used to parameterize the binomial model.
We created a sampling simulator named "POWER" that can mimic the monitoring system and generate power estimates (see Appendix). POWER is designed to simulate stratified random sampling in two separate survey periods to estimate proportions of sampling units with a detection and to test for a significant decline in the proportion of occupied units. POWER accepts a range of varying input parameter specifications, including percent decline in the index, number of strata, number of samples per strata, probability of initial sampling unit occupancy for each stratum, the probability of a Type I error (IX), and number of simulations.
We simulated declines of 20 and 50% in the proportion index. It is important to realize that these are declines in the index only; the relationship between this index and the true population size is unknown. However, because positive detections at a sampling unit represent one or more individuals in the area, the change in the population status will most likely be less than the specified rate of decline in the index. For the purpose of this exercise we assume an intersampling interval of 10 yr. Thus, our 20% decline represents a 2.2% annual rate of decline, and the 50% decline a 6.7% annual rate.
We chose 20% as the minimum rate of decline to detect because smaller changes would not only be increasingly difficult and expensive to detect over the specified interval, but because we wished to exclude the "noise" that would result in attempting to detect smaller changes that could be natural variations in equilibrium populations. However, we include a few simulations that estimate the power to detect 5 and 10% declines, merely to demonstrate the additional sampling effort necessary to detect these small effect sizes. A 50% decline was chosen to demonstrate the difference in sampling effort necessary if only catastrophic declines need be detected. We planned to detect declines only, rather than declines or increases in the index, because of the reduced sample sizes for testing one-tailed rather than two-tailed alternatives (Verner 1983 , Cohen 1988 .
We ran a thorough analysis to check the required normality assumptions of our testing procedures and the accuracy of our results. We examined the differences of the strata proportions, untransformed and transformed, for normality with sample sizes as low as 10 and stratum proportions as low as 5%. Additionally, the sample sizes necessary to ensure adequate power in this design (see Results) are also large enough to satisfy the accepted theoretical requirement for normality of the differences (i.e., ni*pi 2 5 and ni.(l -pi) 2 5) (Samuels 1989) . The Wilcoxon test was used to contrast the results of selected runs but we found it to be less powerful in discriminating differences than the paired t test. Homoscedasticity was stabilized by arcsine transformation. To confirm the accuracy of the Type I error rate (a) we also ran the simulator with zero decline and found that the proportion of rejections of the null hypothesis approximated CL Arcsine-transformed proportion estimates produced power estimates that differed very little (no more than =3%, well within the bounds of simulation error) from those produced using untransformed estimates.
Type I error rate was set at 20% because we considered the environmental cost of a Type II error to be much larger than that of Type I error; a conclusion consistent with previous authors (e.g., Parkinson et al. 1988 , Peterman 1990 , Kendall et al. 1992 , Mapstone 1995 . In doing so we placed priority on increasing the probability of detecting a real decline in occurrence over mistakenly concluding a decline has occurred.
Our initial simulations consisted of a sensitivity analysis where we varied input parameters, such as the mean and standard deviation of strata probabilities, to examine effects on power for different sample sizes. We conclude with an analysis that uses specific input values that are our best estimates of the current strata FTG. 2. Example of regional strata for a fisher monitoring program. Strata include the historic range of fishers in California and are identified as follows : 1-Klamath, 2-SierraKlamath Transition, 3-Northern Sierra Nevada, 4-Central Sierra Nevada, and 5-Southern Sierra Nevada.
proportions for the fisher, the species we use as our specific example. The results are then used to propose a monitoring scheme for this species.
Sensitivity analysis: simulations over a range of parameter values
We estimated the power of detecting 20 and 50% declines, using a broad range of means and standard deviations for the distribution of strata proportions. We were interested in examining how the power values would be affected by the magnitudes of the strata proportion means and their variation, sample sizes per stratum, and number of strata. Mean and standard deviation values for the beta distribution that generated the probabilities for each strata were as follows (standard deviations in parentheses): 5 % (1, 3, 5%), 10% (1, 3, 5, l0%), 20% (1, 5, 10, 20%), 30% (1, 5, 10, 20, 30%), 40% (1, 5, 10, 20, 30%), and 50% (1, 5, 10, 20, 30%). For each run a mean and standard deviation were chosen to characterize the distribution of strata proportions across all 5 or 10 strata. Each unique combination of mean, standard deviation, decline, and number of strata was simulated 1000 times.
Simulations with specific parameter values: fisher example
Using the information available on the curren t (Zielinski et al. 1995) and historic (Grinnell et al. 1937, Schempf and White 1977) distributions of fishers in California we estimated the likely proportions of sample units with detections for each stratum and used this information to calculate the sampling effort necessary to detect 20 and 50% declines. Fixed probabilities of occupancy per sampling unit were assigned to each stratum in two ways: first for five regional strata without habitat substratification and then for two habitat types within each of the five regional strata (10 strata total).
We envisioned the historic range of fishers in California as five equivalent-sized regions: the Southern Sierra Nevada, Central Sierra Nevada, Northern Sierra Nevada, Klamath, and Sierra-Klamath Transition (Fig.  2) . Recent evidence suggests that the northwestern part of the state (the Klamath province) and the southern Sierra Nevada have had the highest fisher densities . Preliminary data suggest that 30% of the surveys in each of these regions were successful so these strata were assigned values of 0.30 as estimates of the expected proportion of occupied units. The northern Sierra Nevada had no surveys with detections, and very few sightings, so was assigned a value of 0.05. The Sierra-Klamath Transition and the Central Sierra Nevada were assigned the values of 0.20 and 0.10, respectively, on the basis of their intermediate survey success (Fig. 2) . These estimates are based on the best information available. If they prove to be inaccurate, the sensitivity analysis (described above) provides a range of outcomes that will likely encompass corrected values.
Variation in abundance should also occur among habitats within each regional stratum. Although studies in the western U.S. suggest that fishers and martens prefer late-successional, or old-growth, conifer forests that are in large unfragmented blocks (Rosenberg and Raphael 1986 , Buskirk and Ruggiero 1994 , Powell and Zielinski 1994 ) the published and unpublished data from California are somewhat equivocal on the subject. For this reason our second set of simulations includes a sampling design with two different habitat substrata within each regional stratum. These are envisioned as habitats that are largely late-successional (LS) o r nonlate-successional (non-LS) conifer forest types. We emphasize here the importance of habitat stratification to increase the efficiency of sampling and to compare strata; specific rules for classification of habitat strata are not discussed.
The proposed LS habitats within each region were assigned their regional values as estimates for the expected proportions of occupied sampling units (i.e., 0.05, 0.10, 0.20, 0.30, and 0.30) and the non-LS habitats were assigned values half that amount. The choices of sample size values, alpha level, and percent declines for the 5-and lo-strata simulations were the same as used for the sensitivity analysis. We view the proportion estimates for both simulations as "best guess" starting points in an adaptive process, subject to later refinement.
Precision of estimates of proportions and comparisons of estimates among strata
Sample sizes should be chosen not only to satisfy power requirements for statewide estimates but also to ensure an adequate level of precision for individual Relationship between the number of sampling units for each of five strata and the power to detect 20 and 50% declines for various proportion means from the beta distribution when the standard deviation from the beta distribution is low (0.01).
be applied to the proportion estimate when the maximum number of visits is 8.
Simulations over a range o f parameter values
Varying proportion means--As the beta proportion mean increases (i.e., mean proportion of sampling units with a detection), but standard deviation is kept low and constant, the number of samples necessary to achieve 80% power decreases (Fig. 3) . Thus, when populations of the target species are uniformly high among all strata, the number of sampling units needed to detect a decline will be relatively low. For example, if the mean proportion of sample units with a detection is 0.50 (individual stratum values for the proportion of sampling units with a detection of, say, 0.25, 0.40, 0.50, 0.60, 0.75) only~55 samples per strata would be necessary to detect a 20% decline in the index at a power of 80%. Conversely, a mean proportion of 0.05 (only 5 of 100 sampling units, on average, with a detection) would require =300 samples per strata.
Varying proportion standard deviation.-Variation around the mean proportion of occupied sampling units has substantially less effect on sample size, and power, than the magnitude of the mean itself (Fig. 4) standard deviations, across strata, decrease the power to detect declines only slightly. For example, for the five-strata condition with a mean proportion of 0.20 and a sample size of 100, the power to detect a 20% decline is 0.74 when the standard deviation equals 0.01 and drops only to 0.70 when the standard deviation is increased to 0.20. Thus, when the proportion of occupied sampling units differs considerably among strata the effort required to detect a specific decline is not much greater than when animals are more uniformly dispersed across their range.
Varying percent decline.-With other factors held constant, detecting a 50% decline requires considerably less sampling effort to achieve 80% power than detecting a 20% decline (Figs. 3 and 4) . In some cases less than half the number of sampling units are required to detect the 50% than the 20% decline.
Simulations with specific parameter values: fisher example
Using our specific estimates of fisher detection rates for different regions and habitats, the sampling effort necessary to detect 20 and 50% declines is substantial. In the five-strata condition (regional stratification onlv) Ecological Applications Vol. 6. No. 4 = 170 and 25 samples per stratum are required to detect 20 and 50% declines, respectively, at 80% power (Fig.  5A ). With 10 strata (regional and habitat stratification), = 115 and 17 samples per stratum would be necessary to detect 20 and 50% declines with 80% power (Fig.  5B ). To detect a significant decline (20%) in the index, given the proportion estimates we used, 850 total sampling units would need to be surveyed at each sampling period if there are five strata and 1150 would be needed if there were 10 strata. The statewide number of sampling units is higher for the 10 -compared to the 5-strata design because the mean estimated proportion of occupied units is lower in the former (0.14) than the latter (0.19). Not surprisingly, fewer sampling units are required to detect the 50% decline compared to the 20% decline.
The detection of more modest declines, 5 and 10%, for the lo-strata condition using the same strata values, would require over 1000 and 500 sampling units per strata, respectively. Thus, detecting these small declines would require the effort of sampling over 10 000 (for 5% decline) and over 5000 (for 10% decline) sampling units statewide to achieve 80% power.
Precision of estimates of proportions within and among strata
Sampling errors (E) for a range of proportion estimates (p) and sample sizes (n), at 95 and 80% confidence, permit the choice of sample size adequate to bound the sampling error for a given stratum proportion estimate (Table 2) . For example, if we anticipate a stratum estimate of pi = 30% and wish to limit E to 5%, at 95% confidence (i.e., the 95% confidence interval would be 25-35%),~300 samples would be required for that stratum. If the goal is to distinguish between two strata anticipated to have proportion estimates of pi = 20% and fij = 30%, for example, then we could choose E = 5% for both estimates to distinguish the confidence intervals and would need sample sizes of 110 and 141 (interpolating in Table 2 ), respectively, at 80% confidence. If k multiple comparisons are planned and a Type I error rate of 01 is desired ((x = 1 -P where P is the confidence level), each individual pairwise comparison should conservatively use an approximate Type I error of c~lk to compensate for a compounding of error (cf. the Bonferroni method, Sokal and Rohlf 1987) .
Note that the amount of sampling necessary to achieve a precise stratum estimate (and to conduct cross-strata comparisons) can exceed that required for sampling the strata only to achieve a statewide estimate of p. If precise strata estimates are necessary and between-stratum comparisons are planned, either additional samples/stratum may be needed or a more permissive confidence level (or higher sample error) will need to be tolerated. 
The monitoring process: fisher example
Here we describe the steps in the process to monitor abundance of fishers in California using information gained from the statistical analyses conducted above and preliminary survey information. A 10-strata design is appropriate because of the expected variation in detection probabilities across regions and between LS and non-LS habitat. As an initial allocation we propose equal number of samples per stratum in equivalent size strata, though ultimately this will depend on the distribution of LS and non-LS habitat in each region. We assume that cost-conscious managers will be satisfied with being able to detect a decline only (vs. an increase or decrease in the index) and that 20% is the largest decline that should elapse before it is detected.
Using the estimates of fisher detection probabilities for the lo-strata design (Fig. 5 ), = 115 samples per to achieve a desired power. If proportion means are lower or variance greater than we estimated here, a larger sample will be necessary to achieve equivalent tens. Currently, marten populations in California appear well distributed throughout most of their historic range , and occur at greater densities than fisher populations. A system designed to detect only catasrophic declines (such as 50%) may be appropriate until resources are available to increase the effort. With even a modest mean proportion of ocpower.
D I S C U S S I O N
Our simulations, using estimated values for strata proportions, suggest that a monitoring system capable of detecting even rather large declines (20%) in a trackplate index will require =s: 1 100 sampling units distributed across the range of fishers in California. And, because our parameter estimates are based on relatively few data it 1s possible that pilot implementation will prod uce res ult s that suggest even more sampling units Per stratum. We are encouraged, however, that our initial sample size estimates do not appear to be prohibitive, a result we attribute to our use of a realistiC minimum P power value (80%), , a relati vely large Type I error rate, and a one-sided alternative that precludes the detection of an increase in the index. If managers either cannot tolerate a 20% chance that a decline will be undetected or demand that population increases be as detectable as decreases, then monitoring effort and costs will increase. For example, if 90% power was required the number of samples would at least double in most cases (Figs. 3-5) .
cupied d units, say 20%, , only =20 sampling units per stratum (200 statewide) wou Id be necessary to detect a 50% decrease in the index. Fishers, on the other hand, require urgent conservation measures. They are much less common than martens, and we recommend that pilot implementation of a monitoring system capable of detecting 20% declines begin immediately. A system that detects a 20% decline with 80% confidence is probably the most liberal that should be established for fishers.
It is reassuring to realize that the variation around the mean proportion of occupied units across strata affects the power far less than the magnitude of the mean itself. Thus, we suffer little from the fact that fisher populations are nonuniformly distributed in California, being m uch more abundant i n the Klam ath and Southern Sierra Nev ada regions than elsewhere. We are also confident that should our initial estimates of strata proportions prove to be inaccurate, the corrected estimates are likely to fall within the range of values used in the sensitivity analysis and we can easily recalculate
We began with the assumption that detecting declines only (one-tailed tests) would be sufficient information, given the anticipated increase in sampling effort to detect an increase or decrease (two-tailed test). Using one-tailed tests is a satisfactory way to minimize sampling effort, while assuring that declines in the populations of uncommon animals will be discovered (e.g., Kendall et al. 1992, Taylor and Gerrodette 1993) . Required sample sizes to test a two-tailed alternative hypothesis were often 20-50% higher than the one-tailed alternative used in our simulations (H. Stauffer, u npublished data) . Similarly, the sample size necessary to test the alternative that any two strata proportions (e.g., the proportions for any two regional or any two habitat strata) are different (two-tailed test) was from one to two times that necessary to distinguish a onesided alternative, at 80% power (Cohen 1988: 179-203) . For one-sided tests, the strata proportion with the smaller value needs to be specified a priori, and a result in the unintended direction of the one-tailed test must be judged as statistically insignificant (Rice and Gaines 1994) . Even if the index appears to increase significantly, failure to reject the null hypothesis can result in only one decision: that there was no change in the index.
If knowledge of declines as great as 50% were all that were required, the sample effort would be reduced greatly but at significant risk to losing the population before it could recover. Although this is not recommended, effort at this level would be better than no effort at all. For example, this may be a starting point for the development of a monitoring program for marthe sampling effort required.
The samples necessary to achieve 80% power to detect a 20% decline in the statewide index may also be sufficient, in some cases, to compare pairs of regional and habitat strata proportion estimates (e.g., the Klamath-Sierra transition vs. the Southern Sierra Nevada). For example, the 115 sampling units that need to be sampled to detect a 20% decline in the statewide index are also sufficient to distinguish two strata proportions that differ by at least 13% (if only one, one-tailed comparison is planned). However, if more than one pairwise comparison is planned (necessitating a reduction in cx), a two-tailed test is desired, or the proportions differ by < 13% the number of samples per stratum needed to generate a statewide index value will be insufficient also to distinguish statistically individual strata proportion estimates.
If we could ignore the question of habitat differences and were satisfied with sampling to detect a statewide decline i n occurrence 0nly, the sampl ing effort per straturn couId be reduced consid erably . If this were the case the most economical method would be to sample only in habitats where th e detecti on probabilities are highest (perhaps the LS habitat only) because higher proportion means result in higher power estimates for lower sample sizes (Fig. 3) . The five-strata condition we simulated using specified values comes closest to this case;~850 sampling units per stratum would be necessary if we sample only where fisher densities are thought to be highest (compared to = 1150 when habitat stratification is included). However, estimates would apply only to LS habitat and we would risk overlooking declines in marginal habitats that may, in fact, occupy most of the species range. For this reason we recommend against sampling only in areas with a high probability of occupancy.
Alternative methods to index fisher or marten populations, and to independently validate the index, have been considered and dismissed for a variety of reasons. Mark-recapture methods, particularly using photographic recapture (Mace et al. 1994) , may be possible for individual populations but even at this level would probably produce highly variable estimates for fishers because of their extremely low densities. More importantly, the work would be prohibitive at the statewide scale we believe is the most relevant. Information from demographic studies provides better information on population status than simple surveys of presence/absence. However, these studies are impractical, especially for fishers, due to the difficulty of locating and monitoring natal dens and marking and tracking the fate of juveniles. Taylor and Gerrodette (1993) compared the conditions where survey methods were superior to demographic studies as a means of detecting declines in abundance. They found that power increased with decreasing population size when the demographic method is used; the opposite occurs with the survey method. In large study areas that include >100 individuals (the case for our proposal), they recommend the survey method be used. Of the survey methods available, track plates are easier to use and more cost effective at a large scale than cameras, and in California snow is too unpredictable, especially at elevations where fishers occur, for snowtracking to be a viable survey option. Finally, because both species are protected in California an experimental approach to validate an index using kill-trapping is out of the question.
We lack information to determine whether the monitoring approach we describe for indexing change in occurrence might also be useful for indexing changes in population abundance. Although others have used the pattern of occurrence of a species across its historic range as an index of its abundance and viability (Geissler and Fuller 1986, Lomolino and Channel1 1995) , the relationship between distribution and abundance is unknown for fishers or martens. A number of factors will confound the relationship between our index and population size. We would have to assume that individuals occupy relatively fixed home ranges during the sampling period, that transients are rare, and that population density or food abundance have relatively small changes on home range size. Accounting for the effect of transient individuals (a "floater" population) on our estimates (e.g., Bart 1995) is probably the biggest concern. Where fisher and marten spacing systems have been studied in detail, transient adults are uncommon (Arthur 1987 , Paragi 1990 ; D. Harrison, personal communication, W. Krohn, personal communication). Female fishers in Maine have stable home range sizes from year to year and male home ranges expand briefly during the breeding season (Arthur et al. 1989) . Adult male martens, also studied in Maine, were never observed to abandon home ranges, but some adult females did (D. Harrison, unpublished data) . However, home range abandonment typically occurred in winter, or very early spring, so that by May virtually every animal in the study population was resident. If it could be demonstrated that transient individuals (dispersing juveniles and adults in the process of relocation) occur primarily during the fall and winter this bias could be reduced by restricting surveys to the early spring and summer, before either species exhibits significant extraterritorial movements or dispersal.
Data from fishers or martens are lacking, but the home ranges of other terrestrial mustelids have been reported to be both sensitive (e.g., Thompson and Colgan 1987) and insensitive (Lockie 1966) to changes in food availability. Lockie (1966) found that as a weasel (Mustela nivalis) population declined the remaining animals did not share the remaining area. He suspected that animals can hold only so much ground before suitable habitat becomes unoccupied. Moreover, the only territory-holding fishers that make forays outside their ranges are males and only during the short breeding season (Arthur et al. 1989) . Evidence from short-tailed weasels (Mustela erminea) indicates that only the few dominant males exercise this option (Sandell 1986) . Clearly, the effect of density, season, and food availability on fisher and marten home range size will need to be better understood before we can predict effects on our estimates. Although it appears that some actions can be taken to minimize the effects of confounding variables on the relationship between our index and population size, much more information will be necessary before we can be comfortable with the index as anything but a measure of change in distribution and occurrence.
Our approach is the first to estimate the sampling effort necessary to monitor change in an index of statewide population status of martens or fishers using nonlethal methods. It is an example of the type of exercise that will become increasingly necessary where commercial trapping is an unreliable, or socially unacceptable, means for indexing populations. Importantly, the method can simultaneously index and monitor as many sympatric carnivore species as are reliably attracted to meat baits and scent lures and whose spatial and social systems qualify them for consideration. A number of other carnivorous mammal species (e.g., bobcat, Felis rufus; gray fox, Urocyon cinereoargenteus; ringtail, Bassariscus astutus; spotted skunk, Spilogale putorius) are readily detected at track-plate stations (Raphael 1988; W. J. Zielinski, unpublished data) . In locations where these, or other species, are sympatric with martens or fishers important information on their occurrence could be collected as well.
